Insulin-like growth factor-1 (IGF-1) is an effective survival factor that is involved in the development and progression of various tumors. The aim of the present study was to investigate whether baseline serum IGF-1 levels are associated with time to progression (TTP) and overall survival (OS) in patients with hepatocellular carcinoma (HCC) who have undergone transarterial chemoembolization (TACE). A total of 145 patients with HCC who underwent TACE as an initial treatment were enrolled in the study. Baseline serum IGF-1 levels were detected using enzyme-linked immunosorbent assay (ELISA) kits. The patients were followed up for a median follow-up period of 47 months (range, 10.6-69.3 months). During the follow-up, 98 patients (76.6%) experienced disease progression and 59 patients (46.1%) succumbed. The serum IGF-1 level was found to be significantly associated with hepatitis infection status, Child-Pugh class, bilirubin level, tumor size and nodularity, vascular invasion and the Barcelona Clinic Liver Cancer (BCLC) stage. Multivariate analysis was conducted, which indicated that BCLC stage, vascular invasion and serum IGF-1 were independent risk factors for disease progression. When clinical factors were examined as potential independent risk factors for OS, only advanced BCLC stage and low serum IGF-1 levels were found to be significantly associated with poorer OS. These results suggest that serum IGF-1 may serve as a predictor of the prognosis of patients with HCC undergoing TACE.
Introduction
Hepatocellular carcinoma (HCC) is the fifth most common type of cancer and the third most common cause of cancer-related mortality worldwide. The International Agency for Research on Cancer estimates that 748,300 new cases of liver cancer and 695,900 cancer-related mortalities occur worldwide every year (1) . Despite improvements in surgical techniques and perioperative management, as well as the development of non-surgical treatments such as radiofrequency ablation and transarterial chemoembolization (TACE), the prognosis of HCC remains poor due to the advanced tumor stage accompanied by chronic liver disease (CLD) at diagnosis (2) . The identification of biomarkers that correlate with the outcome of patients with HCC may be useful in determining the prognosis of this disease, identifying the patients most likely to benefit from particular treatments and assisting clinicians in the design of personalized treatment strategies (3) .
Insulin-like growth factor-1 (IGF-1) is a potent survival factor involved in the development and progression of various cancers (4) . Studies have suggested that high circulating levels of IGF-1 are associated with increased risk of different types of cancers, such as prostate, breast and colon cancers, due to activation of the downstream cascade of the IGF axis (5) (6) (7) . However, the association between IGF-1 and HCC is somewhat different from that of other cancers. Since IGF-1 is synthesized primarily by the liver, circulating IGF-1 levels reflect liver function and decrease significantly in patients with hepatitis C virus infection (8) , liver steatosis (9) , liver cirrhosis (10), non-alcoholic steatohepatitis (9) and HCC (11) . A recent study has demonstrated significant associations between IGF-1 expression and liver cirrhosis and survival following resection in patients with HCC, which is independent from the underlying liver disease (12) . Moreover, low baseline serum levels of IGF-1 were found to be associated with low disease control rate and poor progression-free survival and overall survival (OS) of patients with advanced HCC treated with systemic antiangiogenic therapy (13) . Furthermore, since HCC is a hypervascular tumor and vascular endothelial growth factor (VEGF)-induced angiogenesis plays a major role in tumor progression and metastasis, TACE is an effective nonsurgical treatment for HCC (14) . Therefore, it may be speculated that low baseline levels of IGF-1 in the serum may also independently associated with poor outcomes in patients receiving TACE as their initial treatment. Thus, the aim of the present study was to investigate the prognostic value of baseline serum IGF-1 levels in patients with HCC undergoing TACE.
Materials and methods
Patients. Between May 2007 and June 2011, 145 consecutive patients with HCC who underwent TACE as initial treatment at the Department of Interventional Radiology and Nuclear Medicine, Yuhuangding Hospital (Yantai, China) were enrolled in this study. HCC was reconfirmed in all patients on the basis of the American Association for the Study of Liver Diseases practice guidelines (15) . The study inclusion criterion was HCC classified as Barcelona Clinic Liver Cancer (BCLC) stage B or C, which is generally not regarded as an indication for treatment with curative intent. Patients with early-stage HCC (BCLC stage 0 or A) who were unsuitable for surgical resection or ablation because of liver function, comorbidity or technical infeasibility were also included. Exclusion criteria were extrahepatic metastasis, Child-Pugh class C and the concurrent presence of another primary liver cancer (such as fibrolamellar HCC or cholangiocarcinoma) or other types of cancers. The study protocol was conducted in accordance with the ethical guidelines of the Declaration of Helsinki and was approved by Institutional Review Board of Yuhuangding Hospital. Written informed consent was obtained from all patients. TACE procedure. All patients were treated using the same TACE procedure conducted by the same team. Briefly, angiographic examination was performed using a 5-Fr catheter inserted through the femoral artery. Using arteriography, the hepatic or superior mesenteric artery was selected on the basis of tumor arterial blood supply and the tip of the catheter was superselected into the tumor-feeding branches, with the use of a microcatheter if necessary. Once the target tumor-feeding artery had been identified, chemoembolization was achieved as selectively as possible for all targeted lesions in the left and right lobes of the liver with 2-20 ml emulsion comprising cisplatin and lipiodol (1:1). Polyvinyl alcohol or gelatin sponge particles were injected if required to embolize tumor-feeding vessels to guarantee that there was no longer any tumor staining following repeat angiography. Patients were subsequently managed for potential postembolization syndrome (such as fever, nausea, vomiting and abdominal pain). Dynamic liver computed tomography (CT) or magnetic resonance (MR) imaging was conducted 4-8 weeks after the procedure. If the presence of residual viable tumors was confirmed or new lesions developed in patients with adequate liver function, further TACE procedures were carried out.
Baseline serum IGF-1 and VEGF determination.
Peripheral venous blood samples (5 ml) were collected prior to the first TACE procedure and centrifuged at 4˚C for 25 min (400 x g). Serum samples were then collected and stored at -20˚C until used. Serum IGF-1 and VEGF levels were tested by an enzyme-linked immunosorbent assay (ELISA) method using Human IGF-1 and VEGF Quantikine ELISA kits (R&D Systems, Minneapolis, MN, USA) according to the manufacturer's instructions.
Statistical analysis. Baseline continuous variables were presented as the mean ± standard deviation (SD). Categorical variables were expressed as frequencies (percentages). The primary endpoint was time to progression (TTP), which was measured from the time of enrollment until tumor progression was first documented in imaging studies, in accordance with the modified Response Evaluation Criteria in Solid Tumors (mRECIST). The secondary endpoint was OS, which was defined as the time from enrollment to mortality. The association of clinical variables with TTP or OS was identified by univariate analysis with hazard ratios (HRs) and 95% confidence intervals (CIs), and variables with a P-value less than 0.05 in the univariate analysis were then entered into stepwise Cox regression multivariate models. The Kaplan-Meier method was used to plot the TTP and OS curves and the log-rank test was used for comparison. Statistical analyses were performed using SPSS software, version 19.0 (IBM Corporation, Armonk, NY, USA). All tests were two-sided and P<0.05 was considered statistically significant.
Results

Baseline characteristics and treatment response. Between
May 2007 and June 2011, 145 patients with HCC who underwent TACE as initial treatment were eligible for this study. Baseline serum samples were available for 128 (88.3%) of these patients. Various characteristics of the patients are listed in Table I . Of the 128 patients, 96 (75.0%) were male, 103 (80.5%) were positive for hepatitis B virus, 79 (61.7%) had clinical liver cirrhosis, 88 (68.8%) had Child-Pugh class A disease, and 122 (95.3%) had elevated serum α-fetoprotein (AFP) levels above the normal upper limit (>20 ng/ml). The median age at the time of diagnosis was 55 years (range, 38-76 years). The median size of the largest measurable lesion was 3.5 cm (range, 1.8-10.4 cm). According to the BCLC staging system, 7, 23, 67 and 31 patients were at stages 0, A, B and C, respectively. During a median follow-up period of 47 months (range, 10.6-69.3 months), 98 patients (76.6%) experienced disease progression with a median TTP of 7.5 months (range, 1.6-29.8 months). The overall cumulative progression rate in patients with HCC following TACE was 54.5, 69.3 and 78.4% after 1, 2 and 3 years, respectively. The median survival time was 34.5 months (range, 5.8-69.3 months), with 59 of 128 patients (46.1%) succumbing during the follow-up. The overall cumulative mortality rate was 19.3% after 1 year, 36.8% after 2 years and 44.7% after 3 years. Table I . The serum IGF-1 level was found to be significantly associated with hepatitis infection status, Child-Pugh class, bilirubin level, tumor size and nodularity, vascular invasion and BCLC stage, with the Child-Pugh score having the strongest association (P=0.003). The serum VEGF level was found to be significantly associated with the Child-Pugh class, tumor size, lymph node involvement and BCLC stage, with tumor size having the strongest association (P=0.009).
Association between clinical factors and expression of IGF-1 and VEGF. The associations between clinical factors and serum levels of IGF-1 and VEGF are presented in
Association of clinical factors with TTP and OS. Cut-off values for each of the clinical factors (including age and gender; Table II ) were selected and univariate analysis was carried out to identify the factors significantly associated with TTP and OS. The results showed that high Child-Pugh score, larger tumor size, multiple tumors, vascular invasion, lymph node involve- IGF-1, insulin-like growth factor-1; SD, standard deviation; TACE, transarterial chemoembolization; VEGF, vascular endothelial growth factor. ment and advanced BCLC stage were significantly associated with shorter TTP (all P<0.05). All the other selected factors (including age, gender and hepatitis virus infection) were not found to be significantly associated with TTP (P>0.05). In the multivariate analysis, BCLC stage and vascular invasion were independent risk factors for disease progression (Table II) .
When clinical factors were examined as potential independent risk factors for OS, only advanced BCLC stage was found to be significantly associated with poorer OS (Table III) .
Association of IGF-1 levels with TTP and OS.
The median serum IGF-1 value (57.3 ng/ml) was used as a cut-off in the univariate model and a low IGF-1 level (<57.3 ng/ml) was calculated to be associated with shorter TTP and poorer OS.
In the multivariate analysis, IGF-1 was found to be an independent predictive factor for TTP and OS. The IGF-1 level was a stronger predictive tool when compared with VEGF, with a lower P-value (Table III ). The median time to progression in patients with high IGF-1 levels was significantly longer than that in patients with low levels (Fig. 1A) . The median survival time in patients with high IGF-1 levels was also significantly longer than that in patients with low IGF-1 levels (Fig. 1B) .
Discussion
The prognosis of patients with HCC is poor, with a 5-year survival rate of 10% (16) . Although the BCLC staging system and Cancer of the Liver Italian Program (CLIP) score are widely used for the guidance of treatment decisions and to stratify patients with HCC for clinical trials, patients within the same HCC stage in these HCC staging systems are notably heterogeneous (2) . Biomarkers are expected to better predict patient survival and provide improved prognostic stratification. AFP has served as a diagnostic and prognostic marker for HCC for many years (17) . However, persistent AFP elevation may be observed in some cirrhotic patients due to hepatocyte regeneration. Therefore, other markers, such as VEGF, hepatocyte growth factor (HGF) and transforming growth factor β1 have been assessed as potentially improved diagnostic and prognostic predictors for HCC. However, absolute positive and negative markers for HCC remain deficient, and even those with very high sensitivity and specificity are not universally useful diagnostically (16) . IGF-1 is a 7.6 kDa single chain molecule with ~50% identity to the sequences of the A-and B-chains of human insulin (18); it is produced primarily by the liver. IGF signaling plays an important role in growth promotion in various tissues and organs, acting via autocrine, paracrine and endocrine mechanisms. Previous studies have shown that high baseline levels of IGF-1 in the serum are associated with an increased risk of cancer of the prostate, breast cancer, colon/rectum and lung (5) (6) (7) 19) . A number of studies have observed an association between IGF-1 and HCC. Kaseb et al found that lower plasma IGF-1 and higher plasma VEGF levels correlated significantly with advanced clinicopathological parameters and poor OS, and that when IGF-1 and VEGF were integrated into HCC staging, the prognostic stratification of patients was significantly enhanced (2) . A recent study has also demonstrated that in patients with HCC, significant associations exist between IGF-1 expression and liver cirrhosis and survival (12) . Similarly, Cho et al found that serum IGF-1 
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levels correlated with OS in patients with HCC (20) . However, another study evaluating the clinical utility of serum protein and mRNA levels of IGF-1 in HCC found that neither serum protein nor mRNA levels of IGF-1 are prognostic for the outcome of HCC patients (16) . This finding warrants further investigation because it is based on a small sample size. In the current study, it was found that serum IGF-1 level was significantly associated with hepatitis infection status, Child-Pugh score, bilirubin, tumor size and nodularity, vascular invasion and BCLC stage. This is consistent with previous reports (2, 12) , indicating that serum IGF-1 may be complementary to other clinical relevant prognostic indicators in patients with HCC, including Child-Pugh score, tumor parameters and BCLC variables. Furthermore, a low IGF-1 level predicted shorter TTP and OS in patients treated with TACE. As serum IGF-1 is measured by a simple noninvasive approach, it may be widely used in clinical practice to aid the prognostic stratification of patients with HCC in clinical trials, which should help to guide treatment decisions and improve HCC outcomes. Reduced circulating levels of IGF-1 in patients with hepatic cirrhosis or HCC have been attributed to liver damage as hepatocytes are the primary source of IGF-1 (21) . The observation that IGF-1 synthesis is attenuated in chronic hepatitis C and reflects the severity of liver fibrosis appears to support this hypothesis (22) . However, in the present study, the status of hepatitis infection but not the state of clinical liver cirrhosis was found to correlate with the serum IGF-1 levels. This may be due to the comparable liver functions of the patients enrolled in this study. Although the majority of the patients in the present study had Child-Pugh class A liver function, the levels of IGF-1 served to predict progression and mortality, regardless of the remnant liver function. Therefore, the serum levels of IGF-1 may be considered in addition to other parameters, such as Child-Pugh class or BCLC stage, to aid the assessment of hepatic function and prognostically evaluate patients with HCC (20) .
In conclusion, the present study shows that the baseline serum IGF-1 level correlated with clinical factors of patients with HCC and was an independent predictive factor for TTP and OS. The results suggest that serum IGF-1 may serve as a novel factor for use in determining the prognosis of patients with HCC undergoing TACE.
